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ABSTRACT 
Inspired by a dated compilation from a 1995 Pacific University College 
of Optometry student thesis, the purpose of this project is to compile a 
complete reference resource for the primary care optometrist to improve 
the quality, efficiency, and understanding of visual findings gathered in 
a clinical setting. Sources were gathered by a literature search of the 
database of the Southern College of Optometry's Optometric Archives 
and literature VISIONET. A normative database such as this may be 
useful as a reference for an optometric physician in choosing efficient 
and effective test protocols, interpreting test results and defining better 
diagnoses, therefore also treatment prioritization. 
KEY WORDS: Normative, Database, Normative Analysis 
This thesis serves to update a compilation of normative and expected values of 
various visual function and performance tests completed by Gabrielle Marshall and Darin 
Closson in 1995. The purpose of this project is to compile a complete reference source 
for the primary care optometrist to improve the quality, efficiency, and understanding of 
gathered visual findings. Within this compilation normative or expected values, standard 
deviations, description of the subject population, and method variations are specified 
whenever possible. Such a reference source may be useful for a variety of patient visual 
service research, care and management issues. 
Many aspects of clinical decision making, such as what tests to perform, when to 
refer, and what treatment to prescribe, depend upon a defined knowledge base. A well-
defined knowledge base allows the clinician to delineate between findings that are 
normal, borderline, or abnormal, and to ensure adequate testing and accurate diagnosing. 
It is also important to know the range of expected results based on features including how 
a test is performed, the age group of the patient being tested, and whether or not 
variations to the test must be made. 
The amount of time spent with each patient affects the decision making process 
and ultimately affects the diagnoses and prognoses. Implicit within the factors of time 
management is the intimate understanding of the procedures, variables, and expected 
results utilized by the profession. Stemming from this level of understanding is the 
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critical consideration of responsibilities delegated to technicians and assistants that 
impact the doctor's contact time and perhaps the quality of collected data. 
Having a resource of normative data based upon test variations can increase 
efficiency in the exam room by helping the practitioner develop guidelines for complete 
examination routines as well as testing to arrive at complicated diagnoses. This should 
result in more and higher quality interaction time with the patient, quicker and more 
accurate diagnoses, better prediction of prognoses, and more expeditious identification of 
cases needing referral. 
Managed care has brought a requirement to see more patients for less 
compensation. This requires an increase in the efficiency of the optometric exam 
routine. Additionally, private practitioners on provider lists feel increasing pressure to 
perform a greater variety of tests for less compensation. Therefore, it is becoming more 
important to have justification for each performed procedure. Analysis of routine testing 
protocols in these environments may allow more patients to be seen without significantly 
decreasing quality of preventative care. This database should help practitioners determine 
if their routine testing is adequate, and also support reimbursement claims for special 
testing and treatment options. 
It is important in such a litigious society for consistency within a profession. It is 
also helpful to know what types of variables have the biggest impact on results. Having 
this information will allow practitioners to account for differences in patient data from 
time to time and even between practitioners. This ability can improve consistency in 
optometry and make the profession stronger and more accountable. This source is 
intended to be primarily used by primary care optometrists as they scrutinize their own 
standard methods of testing. In turn, this resource may point out testing variations which 
may speed testing and diagnosis. This inspection of examination protocols will ideally 
add consistency and effectiveness to the health care provided. 
METHODS 
A letter requesting information regarding normative and expected values detailing 
the specific visual function and performance tests was drafted {see appendix). Included 
in this letter was an explanation of the relevancy and need for such a project. A copy of 
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this letter was sent to seven optometrists known to do research in the investigated areas 
and who had potential to offer guidance. 
A complete review of the literature was conducted by searching the database of 
the Southern College of Optometry's Optometric Archives and literature VISIONET. 
Inter-library loans were requested for any available literature or thesis projects which 
addressed different aspects of our thesis project but were unavailable to us via the Harvey 
Scott Library at Pacific University. The following search terms were utilized in the 2005 
update: accommodation, vergence, normative, norms, normative analysis, fixation 
disparity, associated phoria, stereopsis, depth perception and stereo acuity. 
As with any literature compilation, there is the possibility that some research was 
overlooked. No information or authors, published or unpublished, were intentionally 
excluded. Additional information is actively requested and very welcome for future 
updates of this project. 
RESULTS 
Normative and expected data for accommodative amplitude, facility, and posture, 
relative vergence ranges and facility, phoric posture, stereopsis, and fixation disparity are 
organized into individual tables. Within each section, standard deviations, age and 
number of subjects, and any specific methods are noted whenever these features could be 
determined. 
There are a number of sources that are referenced to a secondary source. This 
occurred to acknowledge the cross referencing utilized in our information gathering and 
provide citation for the resources that lead the data search in that direction. This is 
indicated by double asterisk "(quoted, not directly cited)" following the reference number. 
DISCUSSION 
This project followed the general outline of the 1995 thesis with respect to 
process, scope and format. Ultimately, of the different attempts to gather new normative 
information for inclusion, the literature search of VISIONET proved the most valuable 
resource. 
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Difficulties encountered in the project included, but were not limited to: Inter-
Library Loan (I.L.L.) lost requests, missing volumes in the Pacific University Library and 
computer formatting issues. The interlibrary loan problems were resolved by phone, 
email and personal visit. Missing library volumes were circumvented with I.L.L. 
requests. Computer formatting changes took many hours of time to change as Microsoft 
Windows ca. 2005 no longer recognized the font or formatting of the 1995 file and 
converted it to its closest approximation. As in the 1995 project, the 2005 update 
received no useful information from the mail requests of optometrists, although a good 
deal of incidental materials were received. Future updaters of this database should 
consider ignoring this attempt at gathering information as it has twice proved fruitless. 
Suggestions for the next update of this database: as formerly mentioned, leave the 
personal mail request out. Second, compile a complete volume of all references included 
in the bibliography section. Third, check the most current included sources bibliography 
sections for additional references which may have been otherwise overlooked. Forth, 
cross check with Pub-Med, WorldCat, MEDLJNE and BIOSIS for any additional 
references. Fifth, include a person in the update team who has previously worked with 
computer databases. This volume should next be converted to a CD-ROM/DVD-ROM or 
better yet, a searchable database on a server. Once this has been converted to a 
searchable database, it could then be updated every other year. Decisions could then be 
made about inclusion criteria for additional categories of studies if desired. Colorful 
standardized graphs could make it very easy for a person to quickly understand the data 
rather than read through this tabular format. 
Finally, the data in the tables is summarized in the following paragraphs. For 
additional and more comprehensive discussion refer to the conclusion at the end of each 
tabular section. 
Accommodative amplitude is relatively easy to test and normative data is well 
known. It is we11 established that amplitude begins to drop off after age 10. The most 
common and simplest method for testing is the push-up method, however this method 
tends to overestimate the actual accommodative amplitude. Other methods with 
consistent results include modified dynamic retinoscopy and modified push-up. The 
choices of target and endpoint criterion contribute significantly to the difference in 
expectations. 
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Accommodative posture tested by MEM, Cross, and Nott retinoscopy produced 
similar results, however results obtained by Bell and Binocular Cross Cylinder 
retinoscopy are significantly different from the first three methods. 
Accommodative facility is most standardly tested using ±2.00D lenses, first 
monocularly, then binocularly for 90 to 120 seconds respectively. Based on broad 
interpretation of competing studies, at least 10 cycles per minute is necessary for 
monocular adequacy, and 6 cpm binocularly (with suppression monitoring). Patients 
whose initial rate is between 3 and 8 cpm may require 1 to 2 additional minutes of testing 
to arrive at an accurate diagnosis. The facility of subjects approximately 8-12 years old is 
roughly half that of an adult subject, and that of a 6 year old approximately half again. 
Smaller print size seems to make the influence of age more apparent. Some of this age-
related difference is probably due to the development of motor skills necessary to perform 
the tests. The onset of presbyopia results in a decrease in facility, as expected. Target 
size is an important variable, with smaller targets yielding slower responses. Using a 
suppression control like polarizers also decreases facility rates substantially. Polarizers 
cause decreased contrast and therefore a decreased stimulus to accommodation. 
However, using a polarizer or other form of suppression control is typically necessary to 
confidently obtain binocular findings. 
Vergence ranges may be performed base in first or base out first, the latter to 
intentionally place the "more stressing" test first in an attempt to elicit difficulties in the 
base in direction. Additionally many "norms and expecteds" and analysis systems are 
based on this testing order. On average there is fairly good agreement in the values of 
vergence break and recoveries overall and most subjects show adult-like findings by age 7 
or 8. 
The mean Near Point of Convergence increases significantly with age, however 
the occurrence of an average NPC further than 5 em is not consistently found until 
children are over the age of 8 years. Clinical cutoffs have been proposed of 6 em for 
elementary school age children and 5 and 7 for break and recovery respectively for adults~ 
Also, a 6 - 10 em for a screening cutoff value has been proposed for the elementary age 
group. Break/recovery data for normal patients is essentially identical irrespective of the 
techniques utilized. For presbyopes (or subjects with little or no accommodation) the 
NPC does not depend on the type of target used. 
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Phoria techniques standardly utilized are the modified Thorington, von Graefe, 
and Maddox rod. The modified Thorington test is recommended due to simplicity and 
also due to potential higher reliability than other phoria tests. Age does not appear to 
significantly influence the average near phoria prior to presbyopia. 
Using a fairly standard reference of 8 prism diopters BilBO, vergence facility 
increases noticeably from an average of about 4 cycles per minute at 6 years of age and 7 
cpm at about 14 years of age to an outlying report of 25 cpm for 18-35 year. A 3 BI I 12 
BO prism flipper is thought to best differentiate between those with and without 
symptoms at both distance and near testing, with critical failure at 15cpm. Vergence 
facility testing may not require suppression controls as accommodative facility testing 
does, if the patient can accurately perceive the "diplopia-to-fused" appearance with each 
fusional attempt. The vergence system can be problematic though distance phoria and 
ACIA ratios are normal. PRA, NRA and NPC are of little clinical value in these cases. It 
has been proposed, in these cases, to test vergence facility with 3BI I 12BO, binocular 
accommodative facility with push-up, and vertical associated phoria at distance or near. 
Stereopsis findings are adult-like by around age 6 with cooperation during testing. 
Anything better than 40 arc seconds is considered excellent. Tests may be of shape 
(Titmus), overall stereo tests (Random dot with monocular cues, and TNO without them) 
or a combination of both (Randot). 
Fixation disparity results vary with type of testing used. Subjects demonstrate 
more eso fixation disparity with the Sheedy disparometer than with the Wesson card. 
This may be due to the Wesson card having a slightly reduced contrast target than the 
disparometer which may potentially provide less of an accommodative cue and control. 
Another general consideration when comparing fixation disparity testing devices is that 
since Panum's fusional area is smaller with more central targets and larger with more 
peripheral targets, a smaller fixation disparity is likely with a clearer, more precise and 
more central target. 
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ACCOMMODATIVE AMPLITUDE 
Accommodative Amplitude by Age 
ACCOMMODATIVE AMPLITUDE by AGE (yrs) METHOD AUTHOR 
10 1S 20 25 30 35 40 45 50 55 60 65 70 
14 12 10 8.5 7 5.5 4.5 3.5 2.5 1.75 1 0.75 0.25 Push-up monocularly to Donders1** 
first noticeable blur that 
patient cannot clear; 0.62 
M target. 
11 10.5 9.5 8.5 7.5 6.5 5.5 3.5 • • 1.25 • 1 • Duane 1** 
• 11 9 7.5 6.5 5 3.75 • • • • • • • Sheard1** 
• • • • • 5.5 4.5 3.5 2.5 1.5 1 0.62 0.37 • TreleavenL** 
AGE MEAN(D) AGE MEAN(D) AGE MEAN(D) AGE MEAN(D) AUTHOR 
8 13.8 22 10.9 36 7.1 50 2.0 Duane3 
I 9 13.6 23 10.6 37 6.8 51 1.8 
10 13.4 24 10.4 38 6.5 52 1.6 
11 13.3 25 10.2 39 6.2 53 1.5 
12 13.1 26 9.9 40 5.9 54 1.4 
13 12.9 27 9.6 41 5.4 55 1.3 
14 12.7 28 9.4 42 5.0 56 1.2 
15 12.6 29 9.2 43 4.6 57 1.2 
16 12.4 30 8.9 44 4.2 58 1.2 
17 12.2 31 8.6 45 3.7 59 1.1 
18 11.9 32 8.3 46 3.3 60-68 1.1 
19 11.7 33 8.0 47 2.8 
20 11.5 34 7.7 48 2.5 
21 11.2 35 7.3 49 2.2 
Near point was measured from the anterior focus of the eye, which was determined as being a point 13 mm in front of the 
I cornea; over 1,000 subjects have been utilized and are represented in this data. 
• Information not available ** Quoted, not directly cited 
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FORMULAS AUTHOR 
Maximum Amplitude=25.0-(0.40 X age) Duane-Hofstetter 1 ** 
Average Amplitude=18.5-(0.30 X age) 
Minimum Amplitude=15 .0-(0.25 X age) 
Mean=16.0-(0.25 X age) ±2.00 D Morgan4** 
Normal Range=16.0-(0.25 X age) ±1.00 D 
----
AGE MEAN SD AUTHOR 
8 9.0 minimum • Shepard)** 
18-25 9.8 ±1.4 Atchison6 
]5-45 . 4.4 ±1.7 
--·-
PROPOSED 
AGE MEAN(D) SD n NORMS* (D) AUTHOR 
< 15 t 5.41 ±1.44 58 8.0 Schmitt' 
15-19 7.02 ±1.79 41 7.0 
20-24 5.73 ±1.83 40 5.75 
25-29 5.30 ±1.49 23 5.25 
30-34 4.90 ±1.55 22 5.0 
35-39 3.72 ±1.31 29 3.75 
40-44 3.47 ±1.04 29 3.50 
45-49 2.85 ±1.10 20 3.0 
>50 1.55 ±0.81 82 1.5 
This data is from past records from Northeastern State University College of Optometry and the author's intramural practice. 
t Subjects under 15 years were more variable in responses 
* Author notes that further investigation is necessary to substantiate these values. 
• Information not available ** Quoted, not directly cited 
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AGE 
3 
4 
5 
6 
7 
8 
9 
10 
11 
MEAN(D) 
9.4 ±0.69 
10.7 ±1.29 
10.72 ±1.83 
11.5 ±1.69 
12.1 ±1.88 
13.1 ±1.38 
13.2 ±2.62 
13.7 ±2.32 
11.9 5±1.61 
MAX(D) MIN(D) AUTHOR 
12.25 8.5 WoodrufF 
13.50 8.5 
13.50 5.0 
14.25 8.5 
15.25 8.0 
20.00 9.0 
18.87 8.25 
18.25 9.5 
14.25 9.5 
METHOD: This study consisted of 286 subjects; Modified Sheard's technique was used: ability to respond to near VA was 
first determined using Allen symbols, tumbling E's, and number or letter charts which were all sized to present 20/30 @ 33 
em.; the child was placed behind a phoropter and viewed the chart @ 33 em with OS occluded; a -10.0D lens was added, if 
still clear additional minus in 2.0D steps was added until blur, then reduced in 0.25D steps until 5 or 6 symbols were 
identified; 3.0D of stimulus plus the minus power in phoropter was added to determine amplitude; the exact process was than 
repeated for OD; luminance was between 107.7 and 161.5 lux. 
AGE 
2 - 2.92 
3-3.92 
4-4.92 
5-5.92 
MEAN(D) 
. 
. 
MAX(D) 
20.00 
19.00 
19.00 
17.00 
MIN(D) AUTHOR 
10.75 Chen et al 
10.75 
10.75 
10.50 
METHOD: Binocular. This Australian study consisted of 405 children using a modified push-up method. All 
measurements taken in morning to minimize fatigue or diurnal variation. Children with significant refractive en-or (any 
myopia or >+ 1 D), any ocular disease, absence of stereopsis or insufficient near acuity (>N8) were excluded from the study. 
• Information not available ** Quoted, not directly cited 
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AGE MEAN(D) MEAN(D) n AUTHOR 
PUSH-UP PULL-AWAY 
10 10.73 10.99 3 Woehrle et al15u 
11 6.98 10.34 1 
12 10.49 10.91 5 
13 12.61 12.21 8 
14 12.11 11.47 5 
27 12.00 10.00 1 
33 5.26 7.69 1 
40 6.90 8.00 
. 
1 
METHOD: Monocular RE only. 25 subjects tested. Push-up used 1 reduced Snellen letter at 20/20 acuity to first 
sustained blur. Pull-away used 1 reduced Snellen letter at 20/20, to subject calling out unknown letter correctly. Both 
methods used a Gulden accommodation rule. Average of 3 trials recorded for each subject. J 
Accommodative Amplitude by Method 
METHOD MEAN AUTHOR 
(OEP #19): 0.62 M or 14 card @ 13 inches; 5.00 minimum expected Hendrickson (OEP)Y 
reduction of plus or addition of minus sphere; 
first sustained, noticeable blur or discomfort; 
2.50D + !endpoint sphere - #7 sphere!. 
OEP# 19 4.00 minimum Haines 10 
Donder's push-up method 9.16 D ±2.28 (OD) Daum et.al 1 1 
9.12 D ±2.07 (OS) 
OEP # 19; 113 5th graders; non-clinical data. 11.7 Betts, Austin..,** 
Push-up 10.11D ±0.73 Rosenfield, Cohen 78 
Push-down 9.50D ±0.71 
Minus lens 9.10D ±0.73 
- ---
• Information not available ** Quoted, not directly cited 
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Conclusions 
Accommodative amplitude is relatively easy to test and normative data is well known. It is well established that amplitude 
begins to drop off after age 10. The most common and simplest method for testing is the push-up method, however this 
method tends to overestimate the actual accommodative amplitude. 
Griffin and Grisham 12 describe a recommended push-up method using a 20/20 target at 40 em with the patient wearing the 
most plus to 20/20 at far point. Testing is done monocularly. 
Other studies not reported in the tables above offer more as to methods and/or ages. Charman and Tucker13 found that "at least 
a two interval change (i.e. 6/6 to 6/8 or 6/12 to 6/24) was required to produce a significant change in accommodative 
amplitude." Rutstein et.a114 found that the amplitude of accommodation is on average 2.7 diopters higher with a modified form 
of dynamic retinoscopy. They found this technique can give consistent results although different than the traditional push-up 
method. Chen and O'Leary 82 found that the modified push-up method is highly repeatable, and interchangable with the 
conventional push-up method for clinical use, however it produced lower measures of accommodative amplitude than the 
conventional push-up method. The average difference was 0.40 D monocularly and a clinically significant 1.30 D binocularly. 
They concluded that the choices of target and criterion contributed significantly to the difference. Sterner et al81 found that 
Donders push-up on children age 6- 10 years of age was lower than Duane's data as described by the Hoffstetter equations 
concluding that high accommodative amplitudes cannot be expected of this age group. 
• Information not available ** QJ.toted, not directly cited 
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ACCOMMODATIVE POSTURE 
MONOC./ AGE/ 
METHOD W.D. MEAN S.D. BINOC. grade n OTHER AUTHOR(S) 
MEM* 10 inches +0.33 ±0.35 OD K-12m gr 100 Performed under Rouse, Hutter, 
+0.35 ±0.34 OS K-12h gr normal reading Shiftlett15 
conditions for age 
MEM* 40cm +0.23 ±0.29 B 8-16 244 Performed first in a Jackson, Goss 10 
series of 
accommodative tests. 
Range: -0.50 to + 1.00 
MEM* • • • • • Test result below Rouse, London, 
plano and above +0.75 Allen17 
is abnormal. 
MEM* or • +0.25 • ODor OS • Very strong Griffin, 
Nott* +0.50 ODor OS Strong Grisham12 
+0.75 ODor OS Adequate 
+1.00 . ODor OS Weak (failing) 
+1.25 ODor OS Very weak (failing) 
Nott Dynamic • +0.75 • • • "Observation behind Nott:.t** 
Retinoscopy* fixation" method 
Nott Dynamic 40 em +2.21 ±0.28 B 8-16 244 Performed after MEM Jackson, Goss 10 
Retinoscopy* and low neutral 
dynamic retinoscopy~ 
Rang_e: + 1.59 to +2.50 
Nott Dynamic 50 em +0.50 • ODor OS • No plus fogging. Hrynchak 1 
Retinoscopy* Distance correction in 
place and patient 
viewing a 40 em 
target. 
* MEM: Neutralizing lenses briefly held in place monocularly for direct quantification while retinoscope distance is kept 
constant (usually the patient's habitual reading distance). Through spectacle control lenses with patient typically looking at 
letter side of a standard hole card equivalent to 20/60 print. Nott: practitioner moves towards card until neutrality reached. 
• Information not available ** Quoted, not directly cited 
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MONOC./ AGE/ 
METHOD W.D. MEAN S.D. BINOC. grade n OTHER AUTHOR(S) 
N ott Dynamic 25 em +0.30 ±0.39 • 4-15 125 Internally illuminated McClelland, 
Retinoscopy 16.7 em +0.74 ±0.58 4x4x4 em white cube Saunders83 
10cm +2.49 ±1.27 viewed at 3 distances. 
No fogging or 
corrective lenses used. 
Low Neutral • +0.50 to • • 20-25 • Sheard:z** 
Dynamic Ret. +0.75 
Low Neutral 40cm +0.29 ±0.38 B 8-16 244 . Performed after MEM; Jackson, Goss 16 
Dynamic Ret. Range: -0.75 to +2.00 
High Neutral • +1.50 • • • • Bestor2** 
Dynamic Ret. 
Dynamic Ret. 40cm +1.02 • • • 500 Range: +0.62 to +1.50; Hainesw 
over #5 approaches +2.50 in 
presbyopia. 
MONOC./ 
METHOD W.D. MEAN S.D. BINOC. AGE n OTHER AUTHOR(S) 
BCCt 40cm +0.72 ±0.48 B 8-16 244 Range: -0.50 to+ 1.75 Jackson, 
Goss 16 
BCCt 40cm +0.44 • B • 500 Range: +0.25 to +0.87; Haines10 
over #7 for> 40, range: +0.50 
to +1.00. 
BCCt • +0.50 ±0.50 B • • Morgan 1 ~:~ 
t Binocular cross cylinder performed with a cross grid at 40 em .. 
Conclusions 
Accommodative posture is a very important measurement and is tested by many different methods. Casser Locke and 
Somers20 determined that "results obtained by MEM, Cross, and Nott techniques were not significantly different, but those 
obtained by Bell and Binocular Cross Cylinder were significantly different from the other three techniques." 
• Information not available ** Quoted, not directly cited 
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I 
ACCOMMODATIVE FACILITY 
LENSES MEAN MONOC. AGE/ 
USED (CPM) S.D. /BINOC. grade n OTHER AUTHOR(S) 
±2.50 20 • M • • Smallest print seen at 40 em. Pierce, 
±2.50 20 • B • • Greenspan21 ** 
±2.50 6.5 • OD 12 27 Van Orden trainer at 40 em; 20/20 Hoffman, Espe, 
±2.50 7.2 • OS 12 27 Snellen, upper case letters; OD Roberts22 
±2.50 4.6 • ou 12 27 tested first, OS second; subject 
±2.50 5.3 • OD 10-11 • verbalized responses; subjects had 
±2.50 5.4 • OS 10-11 • to pass a school screening and had 
±2.50 4.4 • ou 10-11 • to be at or above their grade level; 
±2.50 6.7 • OD 9 20 no suppression control. 
±2.50 7.4 • OS 9 20 
±2.50 4.4 • ou 9 20 
±2.50 6.6 • OD 6-8 32 
±2.50 5.9 • OS 6-8 32 
±2.50 4.3 • ou 6-8 32 
±2.50 3.94 sec/eye. • M 17-29 28 Van Orden binocular rock device; Britz, ZundellLj 
±2.50 3.96 sec/eye. • M 30-40 6 tumbling E's for children, reduced 
Snellen for adults; smallest acuity 
line used; 40 em distance; normal, 
constant room illumination; timed 
for 10 cycles; 1 cycle= clearing one 
pair of lenses, plus over one eye, 
minus over the other; monocular. 
-----
LENSES MEAN MONOC. AGE/ 
USED (CPM) S.D. /BINOC. rade n OTHER AUTHOR(S) 
±2.00 12.6 • OD 6-30 30 Used spirangle vectogram. Burge 
±2.00 11.6 • OS 6-30 30 
±2.00 9.5 • B 6-30 30 Without polarizers. 
±2.00 7 • B 6-30 30 With 2olarizers. 
• Information not available ** Quoted, not directly cited 
8 
LENSES MEAN MONOC. AGE/ 
USED (CPM) S.D. IBINOC. grade n OTHER AUTHOR(S) 
±2.00 7 ±3.00 B 6-11 266 No refractive error screening; Schlange 
suppression not controlled; 20/30 et.al21 ** 
target @ 40 em. 
±2.00 16.8 • M 20-30 27 40 em. test dist. using a double Griffin, Graham, 
digit, 6-point type target that was Clausen21 ** 
±2.00 13.2 • B 20-30 27 introduced in sychrony with the 
±2.00 5.9 • B 20-30 27 lens-flipper mechanism. 
With and without polarizers. 
±2.00 4.14 ±1.18 B l st gr. 87 Suppression controlled; 20/40 Argenbright, 
±2.00 4.28 ±1.22 B l st gr. 36m target. Beaudoin, 
±2.00 4.04 ±1.16 B 1st gr. 51 f Laukkanen24 
±2.00 5.99 ±1.56 B 4th gr. 106 
±2.00 5.89 ±1.42 B 4th gr. 63m 
±2.00 6.13 ±1.75 B 4th gr, 43 f 
±2.00 12 • M • • 20/30 line at 16 inches; value noted Hoffman, 
±2.00 <12 is • B • • or greater than 2 cpm difference Rouse25 
I 
abnormal between eyes indicates referral, 
when associated with symptoms. 
There was no indication of how 
"normal" values were obtained. 
±2.00 17 • M 20-35 14 Response time with -2.00D lenses: Griffin et.af" 1** 
2 seconds; with +2.00D lenses: 1.4 
seconds; no refractive error 
screening. 
±2.00 6.4 ±2.3 B avg 19 46 Test time= 30 sec.; 20/30 target at Garzia, 
40 em.; suppression was Richman34 
monitored. 
±2.00 17 • M 20-35 37 • . Griffin, Britz, 
Zundell32 
±2.00 7.8 ±8.0 B 8-14 60 See Zellers et.al. for technique. Hennessey, Josue, 
Rouse33 
-- -- ---
• Information not available ** Quoted, not directly cited 
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LENSES MEAN MONOC. AGE/ 
USED (CPM) S.D. IBINOC. grade n OTHER AUTHOR(S) 
±2.00 • • • 6-18 • Failure: less than 4.5 seconds per PierceL() 
cycle. 
±2.00 11-15 • M • • 40 em. testing distance for 30 sec. Hrynchak:1 
±2.00 7.72 ±5.15 B 18-30 100 Criterion: BVA 20/30 (M); <1line Zellers, Alpert, 
±2.00 11.59 ±5.04 OD 18-30 100 diff. in acuity between two eyes; Rouse21 
±2.00 11.09 ±5.30 OS 18-30 100 stereoacuity of 40 arcsec; normal 
±2.00 7.68 ±5.00 B 18-30 56m room illumination; suppression 
±2.00 11.98 ±4.73 OD 18-30 56m controlled; The Van Orden Trainer 
±2.00 11.5 ±5.28 OS 18-30 56m was used with a 20/30 target; The 
±2.00 7.77 ±5.32 B 18-30 44f eye tested first should not influence 
±2.00 11.09 ±5.35 OD 18-30 44f the results; maintain the flipper 
±2.00 10.57 ±5.29 OS 18-30 44f exactly horizontal to avoid vertical 
prismatic effects. 
±2.00 5.5 ±2.5 M 6 45 BVA of 20/30 (M); < 1line of Scheiman, 
±2.00 3.0 ±2.5 B 6 45 difference between two eyes; Herzberg, 
±2.00 6.5 ±2.0 M 7 71 stereoacuity of 40 arc sec; target Frantz, 
I 
±2.00 3.5 ±2.5 B 7 71 was a vertical line of three 20/30 Margolies28 
±2.00 7.0 ±2.5 M 8-12 279 numbers, rear illuminated, and 
±2.00 5.0 ±2.5 B 8-12 279 polarized. ! 
±2.00 13.65 ±5.59 OD 10-18 40 Keystone Van Orden Trainer with a Rouse, Freestone, 
±2.00 13.78 ±6.17 OS 10-18 40 20/30 target; see Zellers et.al. for Weiner, 
flipper method. DeLand29 
±2.00 10.35 ±5.65 B 10-18 40 Computer Orthoptics Diagnostic 
±2.00 6.31 ±3.03 M 10-18 40 Program: monoc. value is an 
±2.00 12.01 ±5.81 B 10-18 40 average of OS and OD; note: 
chromatic imbalance and effect on 
accommodation. 
±2.00 5.18 sec/eye. ±2.31 OD 4th 6th 92 5 pt. print@ 33.3cm. Mah, Pope, , , 
±2.00 8.27 sec/eye. ±5.41 B & 8th Criteria: passage of MCT and Wong38 
graders distance VA of 20/25 or better; 
timed for 10 cycles. 
• Information not available ** Quoted, not directly cited 
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LENSES MEAN MONOC. AGE/ 
USED (CPM) S.D. /BINOC. grade n OTHER AUTHOR(S) 
±2.00 12.13 • OD 18-30 15 Van Orden binocular rock device Cline, Smith30 
±2.00 11.18 • OS 18-30 15 with acuity suppression SON9 at 
±2.00 6.38 • B 18-30 15 40 em; habitual Rx worn with . 
vectographic analyzers; normal 
room illumination; timed for 60 
sec.; tested 6 times. Study found 
that this test on adults is reliable. 
±2.00 6.59 ±2.8 B 6-7 87 20/30 target at 40 em. through Schlange, 
±2.00 7.13 ±2.8 B 8-9 89 habitual near Rx; letters read out Kostelnik, 
±2.00 7.40 ±2.8 B 10-11 90 loud; no suppression control; an Paterson, Wild31 
average of 7 cpm ±3 is to be 
applied to all grade levels. 
±2.00 4.90 ±2.4 OD 8-16 244 Performed through MSBV A; 20/20 Jackson, Goss 16 
±2.00 5.75 ±2.85 OS 8-16 244 target at habitual reading distance; 
±2.00 4.45 ±2.75 B 8-16 244 subject verbalized response; plus 
lens was presented first; during 
binocular testing subjects were 
asked to report diplopia; data 
recorded in 30 sec. intervals and 
averaged for one min. 
±2.00 3.50 ±1.33 B 1st gr. 10 Subject flipping Mackner, 
±2.00 7.37 ±1.91 B 4th gr. 47 Subject flipping Onorato35 
±2.00 3.20 ±1.25 B 1st gr. 10 Examiner flipping 
±2.00 7.45 ±2.48 B 4th gr. 47 Examiner flipping 
Target= 20/40 Iandolt C (two on 
each page); suppression controlled; 
habitual Rx worn; timed for 1 min. 
±2.00 1.2 ±2.1 B 30-42 45 Full distance correction; Bernell Siderov, 
card: BC 29; 20/30 target; suppress DiGuglielmo36 
control; subject said "now" when 
clear; < 4 cpm abnormal. 
• Information not available ** Quoted, not directly cited 
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LENSES MEAN MONOC. AGE/ 
USED (CPM) S.D. IBINOC. grade n OTHER AUTHOR(S) 
±2.00 11.6 3.4 B 21-35 50 Reduced Snellen 20/30 line at Loerzel et alts' 
40cm; No supQ_ression control. 
±2.00 11.02 ±3.30 B 21-33 166 Vectogram #9 w/ suppress control. Zost et aiM 
±2.00 8.56 ±3.45 B 21-33 166 Polaroid bar reader I Rock card. 
40cm test dist. 
±2.00 32 ±13 B 18-35 51 Chart consisted of random lower Brenner, 
case letters @ 40 em; habitual Rx Nehring, 
worn; stereo of at least 500 arc Wolf37 
sees; timed for 1 min; range of 10-
69cpm 
±2.00 16.04 • M 17-29 28 Van Orden binocular rock device at Britz, ZundelfLi 
±2.00 12.93 • M 30-40 6 40cm; tumbling E's for children, 
±2.00 9.15 • M < 10 3 reduced Snellen for adults; smallest 
acuity line used; room illumination; 
10 cycles. ET's in <10 age group. 
LENSES MEAN MONOC. AGE/ 
USED (CPM) S.D. !BINOC. grade n OTHER AUTHOR(S) 
±1.50 13 • B • • • Liu et.al.:' 
±1.50 11 ±6.0 M 36-42 • Prepresbyopes: significant Rouse et.al'1'J 
10 ±6.0 B association between facility rates 
and symptomatology. 
±1.50 18.51 • M 17-29 5 Van Orden binocular rock device at Britz, Zundell.:J 
±1.50 14.42 • M 30-40 29 40cm; tumbling E's for children, 
±1.50 16.04 • M <10 3 reduced Snellen for adults; smallest 
acuity line used; room illumination; 
10 cycles. ET's in <10 age group. 
±1.50 15.6 3.4 B 21-35 50 Reduced Snellen 20/30 line at Loerzel et al gs 
40cm; 
No supp~ession control. 
---
• Information not available **Quoted, not directly cited 
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LENSES MEAN MONOC. AGE/ 
USED (CPM) S.D. IBINOC. grade n OTHER AUTHOR(S) 
±1.50 to 6 • • • • + 1.50 to -2.00 cleared is < 5 sec . BorishL 
±2.00 and< 0.5 sec. difference between 
the two eyes; at habitual reading 
distance of 13 to 20 inches. 
±1.25 16.9 ±4.6 OD 21-36 50 40 em; 20/20 target; Miller, York, 
±1.25 18.3 ±4.6 OS 21-36 50 Goss40 
±1.25 17.3 ±6.1 B 21-36 50 
±1.00 1.2 ±2.1 B 30-42 45 Full distance correction; Bernell Siderov, 
card: BC 29; 20/30 target; DiGuglielmo36 
suppression controlled; abnormal is 
<4 cpm. 
±1.00 7.7 ±1.9 B avg 19 46 Test time= 30 sec.; 20/30 target at Garzia, 
40 em.; suppression control. Richman34 
±1.00 17.96 • M 17-29 29 Van Orden binocular rock device at Britz, Zundell'"j 
±1.00 13.82 • M 30-40 6 40cm; tumbling E's for children, 
±1.00 12.39 • M <10 3 reduced Snellen for adults; smallest 
acuity line used; room illumination; 
10 cycles. ET's in <10 age group. 
±1.00 18.8 3.5 B 21-35 50 Reduced Snellen 20/30 line at Loerzel et al85 
40cm; No suppression controL 
±0.50 23.25 • M 17-29 31 Van Orden binocular rock device at Britz, ZundellL.i 
±0.50 23.07 • M 30-40 4 40cm; tumbling E's for children, 
±0.50 17.64 • M < 10 3 reduced Snellen for adults; smallest 
acuity line used; room illumination; 
10 cycles. ET's in <10 age group. 
PUPL 5.60 ±0.94 B 1st gr. 10 Subject flipping 1 min Mackner, 
PLIPL 9.69 ±2.12 B 4th gr. 47 Subject flipping 1min Onorato35 
PUPL 5.55 ±1.41 B 1st gr. 10 Examiner flipping 1 min 
PL/PL 9.93 ±1.73 B 4th gr. 47 Examiner flipping 1 min 
20/40 Iandolt C (two per page); 
--- ---- --·-
~~sion ~ontrol; habitual Rx. 
• Information not available ** Quoted, not directly cited 
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LENSES MEAN MONOC. AGE/ 
USED (CPM) S.D. IBINOC. grade n OTHER AUTHOR(S) 
PLIPL 21.0 ±4.9 OD 21-36 50 Distance rock with flippers for lens Miller, York, 
PUPL 22.3 ±4.9 OS 21-36 50 stimulus and flip time control; Goss40 
PL/PL 24.1 ±4.8 B 21-36 50 20/20 target. 
PU+2.50 11.6 ±8.6 OD 21-36 50 40 em; "near control" 
& 15 BI 12.8 ±8.8 OS 21-36 50 
14.9 ±5.2 B 21-36 50 
PU-2.50 13.6 ±5.7 OD 21-36 50 20/20@ 6 m; "distance control" 
&15BO 15.3 ±5.1 OS 21-36 50 
15.9 ±5.3 B 21-36 50 
LENSES MEAN MONOC. AGE/ 
USED (CPM) S.D. IBINOC. grade n OTHER AUTHOR(S) 
NONE 7.31 ±2.32 B 1st gr. 26 Distance rock; 20/80 letters. Ngo, Huynh, 
6.90 ±1.66 B 1st gr. 26 20/80 WSLC. Laukkanen 42 
5.15 ±1.45 B 1st gr. 26 20/80 LC. 
4.15 ±1.29 B 1st gr. 26 20/25 letters. 
3.40 ±1.28 B 1st gr. 26 20/25 WSLC. 
3.42 ±1.15 B 1st gr. 26 20/25 LC. 
12.03 ±2.48 B 4th gr. 44 20/80 letters. 
10.31 ±2.48 B 4th 44 20/80WSLC. gr. 
8.93 ±2.39 B 4th gr. 44 20/80 LC. 
7.95 ±2.15 B th 44 20/25 letters. 4 gr. 
6.01 ±1.98 B 4th 44 20/25 WSLC. gr. 
4.73 ±1.48 B 4th 44 20/25 LC. LC= Landolt C; gr. 
WSLC= wide spacing Landolt C; 
ilium= 1 OOfc; timed for 30 sec; 
subjects had 20/20 BVA at 6m and 
40 em, no pathology or dysfunction 
• Information not available ** Quoted, not directly cited 
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LENSES MEAN MONOC. AGE/ 
USED (CPM) S.D. IBINOC. grade n OTHER AUTHOR(S) 
NONE 9.45 ±3.75 OD 8-16 244 MSBV A; 20/20 target @ habitual Jackson, Goss16 
9.95 ±3.80 OS reading distance and 4 m; 
10.45 ±3.55 B performed after a ±2.00 lens rock; 
verbalized responses. 
NONE 37.8 ±7.3 B 18-35 111 20/80 letters Haynes41 
25.2 ±5.3 B 20/25 letters 
Distance Rock with horizontal 
letter row. 
NONE 12.8 • B 1st gr. 103 Distance rock; 6 m to 40 em; 20/80 Mann, Martin, 
15.7 • B 2nd gr. 63 and 20/25 target combined; std. Moore43 
18.1 • B 3rd gr. 83 room illumination. 
21.3 • B 4th gr. 147 
23.4 • B 5th gr. 89 
24.6 • B 6th gr. 125 
NONE . 14 ±4.39 B 1st gr. 83 Distance rock; Range: 5 to 32 Haynes41 
17 ±4.60 B 2nd gr. 63 7 to 26 
I 
19 ±5.04 B 3rd gr. 82 9 to 30 
22 ±5.02 B 4th gr. 148 11 to 38 
24 ±5.11 B 5th gr. 89 12 to 38 
26 ±5.88 B 6th gr. 126 14 to 38 
Similar test procedure to adults 
except that each subject read the 
20/25 letter immediately afterthe 
20/80 letters on the same trial. (ie. 
both distance and near targets had 
both size letters on them with 
20/80 occurring first). 
NONE 2.79 ±0.31 OD 4th 6th 92 Jump focus; 20/100 @ 6m to 5 pt. Mah, Pope, 
' , & 8th print@ 0.125m; 10 cycles. Wong38 
-- --
grac!~rs 
---- - - - --- -
• Information not available ** Quoted, not directly cited 
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LENSES MEAN MONOC. AGE/ 
USED (CPM) S.D. IBINOC. grade n OTHER AUTHOR(S) 
NONE 9.56 ±2.53 B 1st gr. 66 Distance rock; 6 m to 40 em; 20/80 Siestra, Stoppel, 
11.78 ±2.93 B 2nd 58 target. Haynes44 gr. 
14.71 ±3.60 B 3rd 87 gr. 
15.39 ±3.26 B 4th 69 gr. 
18.80 ±3.82 B 5th 64 gr. 
19.95 ±4.48 B 6th gr. 69 
21.26 ±5.02 B 7th gr. 78 
23.55 ±4.94 B 8th 64 gr. 
25.21 ±4.94 B 9th 83 gr. 
4.79 ±2.23 B l st 66 Distance rock; 6 m to 40 em; 20/25 gr. 
6.62 ±2.12 B 2nd gr. 58 target. 
8.43 ±2.98 B 3rd 87 gr. 
10.71 ±2.77 B 4th gr. 69 I 
12.43 ±3.37 B 5th gr. 64 
12.70 ±3.70 B 6th 69 gr. I 
15.16 ±4.11 B 7th 78 gr. 
15.88 ±4.36 B gth 64 gr. 
17.12 ±4.73 B 9th 83 gr. 
NONE 6.12 ±1.70 B 1st gr. 87 Distance rock; 6 m to 40 em.; 100 Argenbright, 
6.03 ±1.87 B 1st gr. 36m foot candles; 20/80 target; 30 sec. Beaudoin, 
6.18 ±1.58 B 1st gr. 51 f timed; subject had to verbalize Laukkanen24 
8.44 ±1.62 B 4th 106 responses; results rounded to gr. 
8.38 ±1.76 B 4th 63 m nearest hundreth. gr. 
8.54 ±1.76 B 4th gr, 43 f 
4.41 ±1.36 B 1st gr. 87 Distance rock; 6 m to 40 em.; 100 
4.22 ±1.17 B 1st gr. 36m foot candles; 20/25 target; 30 sec. 
4.55 ±1.47 B 1 sl 51 f timed; subject had to verbalize gr. 
6.56 ±1.57 B 4th gr. 106 responses; results rounded to 
6.51 ±1.45 B 4th gr. 63m nearest hundreth. 
6.63 ±1.76 B 4th 43 f gr. 
• Information not available ** Quoted, not directly cited 
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LENSES 
USED 
NONE 
CRITERIA 
MEAN 
(CPM) 
7.00 
10.54 
S.D. 
±1.52 
±1.69 
MONOC. AGE/ 
IBINOC. grade 
B 1st gr. 
B 4th gr. 
n 
10 
47 
Failure equals an inability to clear 3 cycles in 30 seconds (6 cpm). 
OTHER 
Cards only 
Cards only 
target= 20/40 landolt C (two on 
each page); suppression controlled; 
habitual Rx worn; timed for 1 min. 
AUTHOR(S) 
Mackner, 
Onorato35 
AUTHOR(S) 
Rosner, Rosnet::l 
8 cpm and 6 cpm as pass/fail criteria for Monoc. & Binoc., respectively. Bimbaum5 
ASSESSMENT CPM MONOC.IBINOC. OTHER AUTHORS 
Very strong > 18 cpm M ±2.00D lens rock Griffin, Grisham 
Strong 14-18 cpm M 
Adequate 10-13 cpm M 
Weak 6-9 cpm M 
Very weak <6cpm. M 
Very strong > 10 cpm B Suppression monitored 
Strong 8-10 cpm B with vectographic 
Adequate 6-7 cpm B target. 
Weak 4-5 cpm B 
V~ryweak <4cpm B 
--·-
• Information not available ** Quoted, not directly cited 
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Conclusions 
The most standard testing procedure for accommodative facility is to use ±2.00D lenses, first monocularly, then binocularly. 
"In general, interactive facility measurements can be taken in 30 second periods; however, the clinician should be aware of 
patients where longer test durations would result in a decrease in performance. "46 Bioengineering models of accommodation 
imply the need to assess for approximately 90 to 120 seconds. At least 10 cycles per minute is necessary for monocular 
adequacy, and 6 cpm binocularly (with suppression monitoring).17 Rouse et al47 found that patients whose initial rate is 
between 3 and 8 cpm (binocular, ±2.00D), "extended testing (1 to 2 additional minutes) may be needed to arrive at an accurate 
diagnosis, especially if presenting symptoms are absent." Rouse et al48 found that for patients whose initial rate is between 6 
and 11 cpm (monocularly, ±2.00D), "extended testing (1 additional minute) may be needed to arrive at an accurate diagnosis, 
especially if presenting symptoms are absent." 
The summary of investigations show that the facility of a young subject (under 15) is roughly half that of an adult subject. This 
is probably due to the development of motor skills necessary to perform the tests. However, facility seems to increase with age 
even on distance rock. The onset of presbyopia results in a decrease in facility, as expected. Cline and Smith30 found that " ... 
responses obtained from accommodative facility testing of adults are reliable." The size of the target is also a very important 
variable. The smaller the target, the slower the response. Using a suppression control like polarizers also decreases facility 
rates substantially. Polarizers cause decreased contrast and therefore a decreased stimulus to accommodation. However, using 
a polarizer or any other form of suppression control is typically necessary to confidently obtain binocular findings. 
Additionally, Levine et al49 found that ±2.00 diopter monocular flipper test is clinically useful in the screening for 
accommodative dysfunction. They also determined the cut off asymptomatic/symptomatic accommodative flipper rate was 
10.5 cycles per minute. Loerzel et. al85 found that a change of flipper power of 0.50 D resulted in a change of 3 to 4 cpm of 
flipper rate; thus documenting the evidence that norms established for ±2.00 are inappropriate for other lens powers. 
Further reading: Wicket. al86 Critically appraised literature regarding accommodative facility for studies between the years of 
1973 and 1991. This appraisal concluded that further clinical investigation of accommodative facility needed research into the 
relationship between age and accommodative amplitude, including the presence or absence of symptoms. Testing 
accommodative facility is not part of most practitioner's typical routine but is the only way to test the phasic system of 
accommodation. It is recommended to test accommodative facility on every symptomatic patient. Hoffman and Rouse, in 
their article Referral recommendations for binocular function and/or developmental perceptual deficiencies,25 list common 
symptoms and associated findings for accommodative problems. This is a recommended reference to gain familiarity with this 
topic. 
• Information not available ** Quoted, not directly cited 
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RELATIVE VERGENCE RANGES (in prism diopters) 
33cm 
BLUR BREAK RECOVERY 
BilBO :MEAN ±SD. :MEAN ±SD. :MEAN±SD. AGE n OTHER AUTHOR(S) 
BO 17 ±2 25 ±4 16 ±3 • • • Amigo 5° 
BI 14 ±2 22 ±3 13 ±3 • • • 
40cm 
BLUR BREAK RECOVERY 
BilBO MEAN ±SD. MEAN ±SD. :MEAN±SD. AGE n OTHER AUTHOR(S) 
BI 15 ±6 17 ±6 12 ±6 18-35 100 Total; asymptomatic and Daum et.al 11 
BO 26 ±15 33 ±19 22 ±16 mean= 26 symptomatic subjects; 
BI 15 ±5 17 ±6 12 ±6 18-35 78 Asymptomatic subjects; 
BO 29 ±15 35 ±18 24 ±16 mean= 26 
BI 14 ±6 16 ±6 12 ±5 18-35 22 Symptomatic subjects; 
BO 16 ±12 24±20 15 ±14 mean= 26 
Subjects were patients, students, and 
staff of the School of Optometly, 
Alabama Oiteria: 20125 BV A or 
I 
better, 40 sec of arc of stereopsis or 
better, no restrictions for ·' 1a 
BO 21 ±10 29 ±10.5 13.5 ±8.5 4-16 120 Target= single vertical row of Vaegan:Ju ' 
Bl 13.5 ±6.5 17 ±7 6 ±5 4-16 120 12 pt. type; 68 females, 52 I 
males. I 
BO 18.3 21.7 12.5 10-14 113 5th graders Betts, Austin51 I 
Bl 18 21.5 12.5 Jrean=11.1 
BO • 29.8 ±13 17.5 ±10.7 18-30 52 Target= 5 mm black dot; 11 Vaegan:Ju 
BI • 14.3 ±5 6.2 ±4.6 18-30 52 females, 41 males. 
BO 16.6 24.5 15.1 • 27 Symptom free 2nd year Griffin, Lee)L 
BI 14.4 21.2 14.2 • optometry students. 
--·- - ------- ---- -
• Information not available **Quoted, not directly cited 
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40cm 
BLUR BREAK RECOVERY 
BilBO MEAN :!S.D. MEAN :±S.D. MEAN :±S.D. AGE n OTHER AUTHOR(S) 
BI • 12 ±5 6 ±4 6 45 All subjects passed MCT Scheiman, 
BI • 12 ±5 6 ±4 7 69 screening in addition to having Herzberg, 
BI • 13 ±5 8 ±3 8 68 20/30 BVA, stereo of at least Frantz, 
BI • 12 ±3 7 ±3 9 68 40 arc sec., accom. amplitude Margolies 59 
BI • 11 ±4 7 ±3 10 63 of at least Hofstetter's formula 
BI • 10±4 7 ±3 11 53 using Donder's push up; 
BI • 10±4 6 ±4 12 20 suppression was monitored; 
BO • 19 ±7 10 ±5 6 45 step vergences with a hand held 
BO • 21 ±9 13 ±7 7 69 prism bar; target= vertical line 
BO • 22±7 14 ±5 8 68 of 3 20/20 polarized numbers; 
BO • 24±9 16 ±7 9 68 Beren's prism bar was held over 
BO • 25 ±7 18 ±5 10 63 OD; BI was tested first. 
BO • 22 ±7 16 ±7 11 53 
BO • 21 ±8 16 ±7 12 20 
BI • 12 ± 3 9±3 6 115 Step vergences measured with Jiminez et al87 
BI • 12 ± 3 8±3 7 183 hand held prism bar. Snellen E 
BI • 10 ± 3 7±3 8 197 20/30 on fixation stick. 
BI • 10 ± 3 7±2 9 171 Subjects: Elementary 
BI • 10± 3 7±3 10 178 schoolchildren from Granada 
BI • 10± 3 7±3 11 161 Spain. 
I 
BI • 10 ± 3 7±3 12 51 
BO • 21 ± 8 14 ± 6 6 115 
BO • 19 ± 7 13 ± 5 7 183 
BO • 18 ± 7 13 ±5 8 197 
BO • 17 ±8 13 ±7 9 171 
BO • 18 ± 7 13 ± 6 10 178 
BO • 17 ± 8 12 ±7 11 161 
BO • 16 ± 9 12 ±7 12 51 
• Information not available ** Quoted, not directly cited 
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40cm 
BLUR BREAK RECOVERY 
BilBO MEAN :tSD. MEAN ±SD. MEAN±SD. AGE n OTHER AUTHOR(S) 
BO 17 ±5 21 ±6 11 ±7 pro- 800 Cross section of clinical Morgan4** 
BI 13 ±4 21 ±4 13 ±5 presb~ 800 population; Normal ranges for 
BO blur: X,14to20,break: X,18 
I 
to 24, and recovery: 7 to 15; BI 
blur: 11 to 15, break: X, 19 to 
23, and recovery: 10 to 16. 
BO 15 (blur out) 21 15 • • Standard OEP testing: OEP's Hendrickson 
BI 14 (blur out) 22 18 • • #9, 10, 11, 16a&b, and 17a&b; (OEP)9 
20/20 letters, BO presented 1st, 
derived by Skeffington, based 
on clinical insight & analysis of 
cases, study of patients, and 
interaction with practioners. 
BO 17 ±3 21 ±3 11 ±4 • • • Borish50** 
BI 13 ±2 21 ±2 13 ±3 • • • 
BO 13 25 13 56 Data from OEP 21 point exam; Shepard5J 
BI 10 20 10 subjects consisted of a 
"general-near-working adult 
population." 
BO 22±8 30±12 23 ±11 96 • Subjects were healthy, young Saladin, 
BI 14 ±6 19 ±7 13 ±6 96 • 3rd year optometry students Sheedl4 
with no asthenopia. 
BO • 14 8 6-70 84 Hand held rotary~ (monocular) Wesson, 
BI • 13 8 6-70 84 Amos 55 
BO • 22 12 6-70 84 Phoropter rotary ~ (binocular) 
BI • 21 13 6-70 84 
BO • 19 14 6-70 84 Prism bar 
BI • 13 10 6-70 84 Prism bar 
• Information not available ** Quoted, not directly cited 
21 
40cm 
BLUR BREAK RECOVERY 
BilBO MEAN :±S.D. MEAN ±S.D. MEAN ±S.D. AGE n OTHER AUTHOR(S) 
BI >18 >26 >18 • • Very Strong Griffin, 
BI 14-18 22-26 14-18 • • Strong Grisham12 
BI 12-13 20-21 11-13 • • Adequate 
BI 11 19 10 • • Weak 
BI <11 <19 <10 • • Very Weak 
BO >23 >28 >18 • • Very Strong 
BO 18-23 22-28 13-18 • • Strong 
BO 15-17 19-21 8-11 • • Adequate 
BO 14 18 7 • • Weak 
BO <14 <18 <7 • • Very Weak 
BI tested first; 20/20 target; 
risley prisms; rate change= 4 
Msec.; in accordance with 
Morgan's norms. 
BO 16.9 ±6.5 23.5 ±7.1 11.4 ±6.9 9-62 502 A random sample of clinical Kragha57 
BI 15.0 ±5.0 22.0 ±5.4 12.3 ±5.6 mean=25 502 records from the Department of 
Optometry, University of 
Benin, Benin City, Nigeria was 
taken; near Rx worn when 
appropriate; an "appropriately" 
reduced target was used. 
BO 16 ±3 23 ±5.5 • pre- 500 Normal ranges* for BO blur: > Haines 10 
BI 15 ±3 22 ±3 • presbyopes 500 12, and recovery: 1/3 of break 
or over, minimum of7; BI blur: 
> 10, break:> 18, and recovery: 
417 of BK or over, minimum of 
8. 
*Normal range according to authors may not directly reflect the mean and standard deviation. These values are provided when 
authors listed them separate from the mean and standard deviation. 
• Information not available ** Quoted, not directly cited 
22 
40cm 
BLUR BREAK RECOVERY 
BilBO MEAN :!:S.D. MEAN ±SD. MEAN±SD. AGE n OTHER AUTHOR(S) 
BI • 13 ±6 10 ±5 4-70 79 D (dominant eye) Wesson5 ts 
BI • 13 ±6 9 ±5 4-70 79 N (non-dominant eye) 
BO • 19 ±9 14 ±7 4-70 79 D 
BO • 18 ±8 13 ±7 4-70 79 N 
Beren's prism bar; 20/40 letter 
"B" @ 6 m; 1.4° (I em) outline 
of a dog @ 40 em; luminance= 
52 fc @ 6 m, 116 fc @ 40 em; 
subjects had phorias between 0 
& 4 exo @ 6 m and 0 & 7 exo 
@ 40 em, 20/20 BV A, no 
strabismus, no disease; BI was 
always tested first. 
BO 21 ±8 27 ±8 10 ±6 8-16 244 BI measured first; 20/20 target; Jackson, 
BI 15 ±6 21 ±4 9±4 8-16 244 luminance= 2.7 nits. Normal Goss56 
ranges* for BO blur: 2 to 40, 
break: 6 to 44, and recovery: -2 
to 30; BI blur: 4 to 30, break: 7 
to 32, and recovery: 0 to 20. 
*Normal range according to authors may not directly reflect the mean and standard deviation. These values are provided when 
authors listed them separate from the mean and standard deviation. 
Sm 
BilBO 
BO 
BI 
BLUR BREAK RECOVERY 
MEAN ±SD. MEAN ±SD. MEAN :!:S.D. AGE 
15 ±7 28 ±10 20 ±11 • 
X 8 ±3 · 5 ±3 • 
• Information not available ** Quoted, not directly cited 
23 
n 
96 
96 
OTHER 
Subjects were healthy, young 
optometry students with no 
asthenopia. 
AUTHOR(S) 
Saladin, 
Sheedy54 
6m 
BLUR BREAK RECOVERY 
BilBO MEAN :tSD. MEAN :tS.D. MEAN:tS.D. AGE n OTHER AUTHOR(S) 
BI • 6 ±2 4±2 6 115 Step vergences measured with Jiminez et al~ 1 
BI • 6 ±2 4±2 7 183 hand held prism bar. Snellen E 
BI • 6 ±2 4±2 8 197 20/30 on fixation stick. 
BI • 7 ±2 4±2 9 171 Subjects: Elementary 
BI • 7 ±2 4±2 11 178 schoolchildren from Granada 
BI • 7 ±2 4±2 11 161 Spain. 
BI • 7 ±2 5 ±2 12 51 
BO • 16 ±8 10 ±6 6 115 
BO • 17 ±7 10 ±6 7 183 
BO • 16 ±7 10±6 8 197 
BO • 17 ±8 11 ±7 9 171 
BO • 18 ±6 11 ±5 10 178 
BO • 17 ±6 12 ±5 11 161 
BO • 18 ±7 11 ±5 12 51 
BI 8 ±2 8 ±2 5 ±2 18-35 100 Total; asymptomatic and Daum et.al 11 
BO 15 ±9 29 ±19 17 ±13 trean=26 symptomatic subjects. 
BI 8 ±2 8 ±2 5 ±2 18-35 78 Asymptomatic subjects; 
BO 16 ±9 30 ±19 17 ±13 Jrean=26 
BI 7 ±3 7 ±3 5 ±3 18-35 22 Symptomatic subjects; 
BO 11 ±5 23 ±19 17 ±15 Jrean=26 
Subjects: patients, students and 
staff of the School of 
Optometry, Alabama 
Criteria: 20/25 BV A or better, 
40 sec of arc of stereopsis or 
better, no restrictions for 
asthenopia. 
BO 11.8 19.7 12.4 • 27 Symptom free 2nd year Griffin, Lee:lL 
BI X 9.6 6.5 • optometry students. 
- --- ----
• Information not available ** Quoted, not directly cited 
24 
6m 
BLUR BREAK RECOVERY 
BilBO .MEAN ±S.D. :MEAN ±S.D. .MEAN ±S.D . AGE n OTHER AUTHOR(S) 
BI • 7±3 4±2 4-70 79 D (dominant eye) Wesson 58 
BI • 6±3 3±2 4-70 79 N (non-dominant eye) 
BO • 11±7 7±6 4-70 79 D 
BO • 11±7 7±6 4-70 79 N 
Beren's prism bar; 20/40 letter 
"B" @ 6 m; 1.4° (1 em) outline 
of a dog @ 40 em; luminance= 
52 fc@ 6 m, 116 fc@ 40 em; 
subjects had phorias between 0 
& 4 exo @ 6 m and 0 & 7 exo 
@ 40 em, 20/20 BV A, no 
strabismus, no disease; BI was 
always tested first. 
BI X 8 6 • Very Strong Griffin, 
BI X 7 5 • Strong Grisham12 
BI X 6 4 • Adequate 
BI X 5 3 • Weak 
BI X 4 2 • Very Weak 
BO >14 >24 >15 • Very Strong 
BO 11-14 21-24 12-15 • Strong 
BO 8-10 16-20 9-11 • Adequate 
BO 7 15 8 • Weak 
BO <7 <15 <8 • Very Weak 
BI tested first; 20/20 target~ 
risley prisms; rate change= 4 
fj}sec.; in accordance with 
Morgan's norms. 
BO 7.4 21.2 7.2 10-14 113 5th graders B A . 51 etts, ustm-
BI X 7.1 3.3 trean=ll.l 113 
• Information not available ** Quoted, not directly cited 
25 
6m 
BLUR BREAK RECOVERY AGE/ 
BilBO MEAN ±S.D. MEAN ±S.D. MEAN ±S.D. grade n OTHER AUTHOR(S) 
BO • 12 6 6-70 84 Hand held rotary /1 (monocular) Wesson, 
BI • 7 4 6-70 84 Amos 55 
BO • 20 9 6-70 84 Phoropter rotary /1 (binocular) 
BI • 8 4 6-70 84 
BO • 11 7 6-70 84 Prism bar 
BI • 7 4 6-70 84 Prism bar 
BO 12.1 ±4.9 19.6 ±6.6 11.4 ±6.9 9-62 yrs 502 A random sample of clinical Kragha57 
BI 12.4 ±4.5 7.6 ±4.7 mean=25 records from the Optometry 
Clinic, Department of 
Optometry, University of 
Benin, Benin City, Nigeria was 
taken. 
BO 9 ±2 20±3 10±2 • • Vaegan50 
Bl 8+2 4 +1 17 +2 • • 
BO 17.5 ±7.5 27 ±10 9 ±5 4-16 120 Target= single vertical row of Vaegan:,u 
BI X 10 +5 4.5 +3 4-16 120 letters; 68 female, 52 male. 
BO 9 21 9 56 Data from OEP 21 point exam; Shepard 5 3 
BI X 9 4 subjects consisted of a 
"general-near-working adult 
population" 
BO 9±4 19±8 10±4 pre- 800 Cross section of clinical Morgan4 
BI X 7±3 4±2 presbyopes 800 population; Normal ranges* for 
BO blur: 7 to 11, break: 15 to 
23, and recovery: 8 to 12; BI 
blur: 19 to 23, break: 5 to 9, 
and recovery: 3 to 5. 
*Normal range according to authors may not directly reflect the mean and standard deviation. These values are provided when 
authors listed them separate from the mean and standard deviation. 
• Information not available ** Quoted, not directly cited 
26 
I 
6m 
BLUR BREAK RECOVERY AGE/ 
BilBO MEAN ±S.D. MEAN ±SD. MEAN±SD. _grade n OTHER AUTHOR(S) 
BO 15±7 28±10 20±11 • 96 Subjects were healthy, young Saladin, 
BI X 8±3 5±3 • 96 3rd year optometry students Sheedy54 
with no asthenopia. 
BO X (1st. blur) 19 minimum 10 minimum • • Standard OEP testing: OEP's Hendrickson 
BI X 9 minimum 5 minimum • • #9, 10, 11, 16a&b, and 17a&b; (OEP)9 
20/20 letters, BOis always 
presented first. 
BO 14±6 23±8 6±5 7.9-15.9 BI measured first; 20/20 target; Jackson, 
BI X 12±3 4±2 luminance= 2.7 nits; n= 244. Goss56 
Normal ranges* for BO blur: 2 
to 32, break: 4 to 40, and 
recovery: -2 to 27; BI break: 5 
to 25, and recovery: -6 to 16. 
BO 9 ±4 19 ±4 10±2 • • Borish50** 
BI X 7 ±2 4 ±1 • • 
BO 9±2 22.5±6 6.5±3 pre- 500 Normal ranges* for BO blur:> Hainesw 
BI X 9±1.5 5±1.5 presbyopic 500 5, break:> 15, and recovery: 
1/8 of break or over, minimum 
of 3; BI blur: X, break:> 6, and 
recovery: 1/3 of BK or over, 
minimum of 3. 
- -- ---- --- ---- - --- - --
* Normal range according to authors may not directly reflect the mean and standard deviation. These values are provided 
when authors listed them separate from the mean and standard deviation. 
• Information not available ** Quoted, not directly cited 
27 
I 
Conclusions 
Some authors advocate that base in relative ranges should always be tested firstY However, many practitioners prefer to 
perform base in after base out as a way to discover the patients ability to "rebound" from a base out stressor. Additionally 
many "norms and expecteds" and analysis systems are based on this testing order. There is fairly good agreement in the values 
of vergence recoveries overall and most subjects show adult-like findings by age 7 or 8. Daum et al11 found very large values 
for asymptomatic subjects, but also listed fairly large standard deviations accompanying that data. 
• Information not available ** Quoted, not directly cited 
28 
Near Point of Convergence 
TECHNIQUE BREAK RECOVERY AGE n OTHER AUTHOR(S) 
MEAN ±S.D. MEAN ±S.D. 
Penlight Push-up 3.4 ±2.0 9.1 ±5.2 6 115 Standard push-up technique Jiminez et 
4.3 ±2.8 10.8 ±5.9 7 183 with penlight, and with penlight al87 
5.2 ±5.3 11.4±7.5 8 197 and red lens in front of 
6.2 ±5.9 12.6 ±9.4 9 171 dominant eye. Test performed 
5.6 ±5.0 11.4±7.7 10 178 3x alternating with and without 
5.7 ±4.2 11.5 ±7.2 11 161 red lens with no more than 10 
4.5 ±2.9 10.6 ±4.7 12 51 seconds rest between tests. 
Red lens Push-up 4.3 ±3.2 10.8 ±6.2 6 115 Average of 3 trials recorded for 
5.3 ±4.3 12.7 ±8.0 7 183 each technique. Subjects: 
6.7 ±7.5 14.7 ±12.0 8 197 Elementary schoolchildren 
8.8 ±9.5 15.8 ±13.3 9 171 from Granada Spain. 
8.7 ±9.7 15.9 ±14.0 10 178 
7.7 ±6.1 15.3 ±9.8 11 161 
5.8 ±4.0 13.2 ±6.5 12 51 
TECHNIQUE BREAK RECOVERY n OTHER AUTHOR(S) 
MEAN±S.D. MEAN±S.D. 
20/30 Letter 9.32 ±6.74 12.47 ±7.89 38 CI subjects NPC measured once for each of the Scheiman et 
20/30 Letter 2.49 ±1.74 4.35 ±2.74 175 Normals 3 testing protocols using standard al89 
push-up technique. 
Penlight 11.86 ±8.40 17.68±11.24 38 CI subjects 
Penlight 2.06 ±1.85 3.74 ±2.87 175 Normals Subject ages unkown. 
Penlight RIG glasses 14.75 ±10.0 20.59 ±12.32 38 CI subjects 
Penlight RIG glasses 2.38 ±2.11 4.35 ±3.26 175 Normals 
• Information not available *." Quoted, not directly cited 
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TECHNIQUE BREAK RECOVERY 
MEAN ±S.D. MEAN ±S.D. 
AGE n OTHER AUTHOR(S) 
• 7.9 ±3.6 em 10.9 ±3.9 em 9-62 491 A random sample of Kragha
57 
mean=25 clinical records was taken 
from the clinic at the Dept 
of Optometry, Univ of 
Benin, Nigeria. 
BREAK RECOVERY OTHER AUTHOR(S) 
<5cm <Scm Very Strong Griffin, 
5 to 6 S to 9 Strong Grisham12 
7 to S 10 toll Adequate 
9 to 15 12 to 1S Weak 
> 15 >1S Very Weak 
A small detailed target is recommended rather than a pencil tip. 
Stamina is assessed by repeating NPC at least 4 times. NPC 
normative data is not well established for infants and reschoolers. 
>5 em >Scm Test results which indicate vergence difficulty Hoffman 
when associated with symptoms. Rouse25 
Conclusions 
Chen et al79 found the mean NPC distance increased significantly with age, however the occurence of an NPC of more than 5 
em was not seen until children were over the age of S. Hayes et al88 concluded kindergartners had better breaks than third or 
sixth graders, but no clear age trend presented with recoveries. Their study suggested that patients with NPC breaks larger than 
6 em are more than twice as likely to be symptomatic than those with breaks of less than 6 em. Thus, they propose a clinical 
cutoff of 6 em for elementary school age children and 6 - 10 em for a screening cutoff value of that age group. Scheiman et 
al89 suggest a clinical cutoff value of 5 and 7 for break and recovery respectively for adults. Regarding testing techniques: they 
concluded, for clinical testing purposes, the break/recovery data for normals is essentially identical irrespective of the 
techniques utilized. Finally, Siderov et al90 compared NPC using a RAF rule, pencil tip and finger tip and concluded that for 
presbyopes (or subjects with little or no accommodation) the NPC does not depend on the type of target used. They also 
concluded that in non-presbyopes a small target-dependent accommodative influence on the NPC was present, however they 
stated that this difference was probably not clinically important for the study's targets. 
• Information not available ** Quoted, not directly cited 
30 
PHORIAS 
33cm 
MEAN(M S.D. AGE n OTHER AUTHOR(S) 
5.0 exo ±7 12-39 154 Maddox rod technique. Weymouth et.alL** 
0.19 exo • • 217 Males Scobee, Green60 
0.12 exo • • 184 Females 
---- -------
40cm 
MEAN(~) S.D. AGE n OTHER AUTHOR(S) 
0.4 exo ±2.1 6 115 Modified Thorington method Jiminez et aln 
0.7 exo ±3.0 7 183 Elementary schoolchildren from 
0.6 exo ±2.9 8 197 Granada Spain 
0.2 exo ±2.8 9 171 
0.5 exo ±3.2 10 178 
0.2 exo ±3.2 11 161 
0.1 exo ±3.8 12 51 
0.4 exo ±3.1 6-12 1016 Total subjects 
2.22 exo • 5 1192 Clinical findings from the Ohio State Hirsch01 
2.50 exo • 10 total University, School of Optometry; method 
2.79 exo • 15 = von Graefe prism, thru subjective 
3.08 exo • 20 refraction. 
3.37 exo • 25 
3.66 exo • 30 
3.94 exo • 35 
4.23 exo • 40 
4.52 exo • 45 
4.80 exo • 50 
3.0 exo ±2 • 800 Normal range of 0 to 6 exo; Morgan115 
Maddox rod techniq_ue. 
• Information not available ** Quoted, not directly cited 
31 
40cm 
MEAN(~) S.D. AGE n OTHER AUTHOR(S) 
0.55 exo ±3.69 ffi.-71 mos 58 Measured with red Maddox rod over OS; Letourneau, Giroux()£ 
0.87 exo ±3.94 72-83mos 241 accommodation was not controlled. 
0.33 exo ±4.56 84-95mos 278 
0.89 exo ±4.13 96-107mos 338 
0.75 exo ±4.70 108-119mos 365 
1.08 exo ±4.50 12(}131mos 278 
1.23 exo ±4.68 132-143mos 246 
0.23 exo ±5.09 144-155mos 190 
I 
0.53 exo ±5.62 156-168mos 35 
2.7 exo ±4 9-62 502 A random sample of clinical records from Kragha..,1 
I 
mean=25 the Optometry Clinic, Department of 
Optometry, University of Benin, Benin 
City, Nigeria was taken; near Rx worn 
when appropriate; an "appropriately" 
reduced target was used. 
3.0 exo ±4 8-16 244 vonGraefe phoria following subjective Jackson, Goss-'>b 
refraction; target= 3 horizontal letters @ 4/4 
acuity level for distance; single horizontal 
row of reduced Snellen 20/20 for near; 
luminance= 2.7 nits. 
5.0 exo ±5 6-19 2000 Normal_I>_opulation, includin_g_ all age levels. Shepard-'>3 
3.0 exo ±2 10-14 113 Rounded Betts, Austin-'>' 
mean=11 5th graders 
6.0 exo • • • Expected value, not mean. Hendrickson 
(OEP)9 
0 .5 exo ±6 • 103 3rd year optometry students Saladin, Sheedy54 
• Information not available ** Quoted, not directly cited 
32 
40cm 
MEAN (t,.) S.D. AGE n OTHER AUTHOR(S) 
4.8 exo ±3.2 non- 1000 Normal range of 1 eso to 1 exo. Haines 10 
presbyopic 
4.4 exo ±4.4 • 27 Rounded Griffin, Lee:JL 
Symptom free 2nd year optometry students. 
1.28 exo ±3.3 1 18-35 78 • Daum et al 11 
mean=26 
5.0 exo ±3.5 • • • Haines)0 ** 
3.0 exo +3 • • • Borish)0 ** 
4.0 exo +3 • • • Vaegan:Ju 
1.5 exo • • • • Vaegan:Ju 
0-6 exo • • • • Hoffman, Rous~L:> __ 
5m 
MEAN (t,.) S.D. AGE n OTHER AUTHOR(S) 
0.5 eso ±1.5 6 115 Modified Thorington method. Jiminez et al11 
0.4 eso ±2.0 7 183 Elementary schoolchildren from Granada Spain. 
0.6 eso ±1.7 8 197 
0.7 eso ±1.8 9 171 
0.6 eso ±1.6 10 178 
0.7 eso ±1.7 11 161 
0.7 eso ±4.4 12 51 Total 
0.6 eso ±1.7 6-12 1016 
1 exo ±3.5 • • • Saladin, Sheedl4 
• Information not available ** Quoted, not directly cited 
33 
6m 
MEAN(~) S.D. AGE n OTHER AUTHOR(S) 
Ortho • 12-39 154 Maddox rod technique . Weymouth et. alL** 
0. 19 exo • • 217 Males Scobee, Green° 1 
0.12 exo 184 Females 
1 exo ±2 • • Normal range of 0 to 2 exo Morgan 115 
Ortho ±3.5 • • • HainesJu** 
1 exo ±3 • • • Vaegan::>u 
2 exo ±3 • • • Vaegan::>u 
0.76 exo ±1 .87 18-35 78 • Daum et.al 11 
mean=26 
1.00 exo • 5 1192 Clinical findings from the Ohio State Hirsch61 
0.85 exo • 10 total University School of Optometry; 
0.70 exo • 15 method = von Graefe prism, 
0.55 exo • 20 thru subjective refraction. 
0.40 exo • 25 
0.24 exo • 30 
0.09 exo • 35 
0.06 exo • 40 
0.21 exo • 45 
0.36 exo • 50 
1 exo ±2.5 6-19 2000 Normal population, including all age levels. Shepard)j 
0.5 exo • • • Expected, not mean value. Hendrickson 
(OEP)9 
Ortho ±1 non- 500 • Haines 10 
presbyopic 
0.1 exo ±2 5th gr-abs 113 • Betts, Austin::> 1 
1.9 exo • • 27 Rounded Griffin, Lee52 
Symptom free 2nd year optometry students. 
0-2 exo • • • • Hoffman, RouseLl 
0.20 exo • • 217 Males Scobee, Green60 
0.17 eso • • 184 Females 
-----
• Information not available ** Quoted, not directly cited 
34 
6m 
MEAN (11) S.D. AGE n OTHER AUTHOR(S) 
0.1 exo ±2.2 9-62 512 A random sample of clinical records from the Kragha'' 
mean=25 Optometry Clinic, Department of Optometry, 
University of Benin, Benin City, Nigeria was 
taken; test type of BV A was presented through 
611 BU over OS and 15 11 BI over OD. 
1 exo ±2 8-16 244 VonGraefe phoria following subjective Jackson, Goss'n 
refraction; target = 3 horizontal letters @ 4/4 
acuity level for distance; single horizontal row 
of reduced Snellen 20/20 for near; luminance = 
2.7 nits. 
0.36 exo ±1.76 ffi-71 rna; 58 Measured with red Maddox rod over OS; Letourneau, Girouxt>L 
0.22 exo ±2.54 72-83rna; 240 accommodation was not controlled. 
0.58 exo ±2.53 84-95rna; 280 
0.66 exo ±2.57 96-107rna; 338 
0.71 exo ±2.61 108-119 rna; 367 
0.59 exo ±2.68 120-131 rna; 280 
0.46 exo ±2.34 132-143rna; 246 
0.85 exo ±2.52 144-155 rna; 190 
0.19exo ±2.98 156-168 rna; 36 
----
• Information not available **Quoted, not directly cited 
35 
Conclusions 
Schroeder et al63 compared several studies to examine the reliability of phoria measurements. Techniques compared were the 
modified Thorington, von Graefe, and Maddox rod. They discovered that some of the methods differ in dissociation 
technique, accommodation control, inducement of proximal convergence, and quantification methods. Two studies indicated 
95% limits of agreement of 2 to 46. for reliability. The studies reviewed by Schroeder suggest the modified Thorington test as 
having a higher reliability than other phoria tests and is recommended by Hirsch because of its simplicity. 
Chen et al79 studied near heterophoria of 268 children using a modified Maddox Wing method and concluded that age did not 
significantly influence the average near phoria. They also concluded that the older children exhibited significantly higher 
vanance. 
• Information not available ** Quoted, not directly cited 
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VERGENCE FACILITY 
PRISM MEAN AGE/ 
VALUES C.P.M. S.D. grade DISTANCE OTHER AUTHOR 
8BJJ8BO 8.22 ±3.19 1st gr. 40cm n= 287 Karmon, 
8BJJ8BO 11.67 ±4.43 th 40cm n= 187 Sison64 4 gr. 
Subjects verbalized responses; 
standard illumination; pica size print; 
' examiner flipped prism; habitual Rx. 
8BJJ8BO 4.18 ±1 .11 1st gr. 40cm 87 total Laukkanen, 
8BJJ8BO 4.13 ±1.11 l st gr. 40cm 36 male Argenbright, 
8BJJ8BO 4.22 ±1.11 l st gr. 40cm 51 female Beaudoin24 
8BJJ8BO 6.37 ±1.11 4th 40cm 106 total gr. 
8BJJ8BO 6.48 ±1.1 1 4th 40cm 63 male gr. 
8BJJ8BO 6.21 ±1.11 4th gr. 40cm 34 female 
11 foot candles; habitual Rx worn; 
subject verbalized responses. 
8BJJ8BO >15 • • 40cm very strong Griffin, 
11-15 • • 40cm strong Grisham12 
5-10 • • 40cm adequate 
3-4 • • 40cm weak 
Vectograms recommended. 
8BJJ8BO 10 • young • Screening criterion of 7.5 cpm cutoff Pierce 12** 
children recommended for "normal" vs. 
"learning-disabled." 
8BJJ8BO 6 • 3ra gr. 40cm • Struckle, 
8BJJ8BO 7 • 6th gr. 40cm • Rouse24** 
8BJJ8BO 8.14 • 16-30 40cm • Moser, 
Atkinson24** 
8BJJ8BO 5.05 • 3rd gr. • Cutoff criterion of 3 cpm Mitchell 
8BJJ8BO 6.53 • 6th gr. • recommended. et.alt2** 
8BJJ8BO 25 ±12 18-35 • n= 95; range= 3 to 63. Brenner, 
'------·-
Nehring, Wolf:n 
• Information not available ** Quoted, not d irectly cited 
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PRISM MEAN AGE/ 
VALUES C.P.M. S.D. grade DISTANCE OTHER AUTHOR 
4BI/16BO 7.63 ±1.22 5.4 40cm Vertical target: o-X-0 of Buzzelli'x' 
8.16 ±1.04 6.5 40cm anaglyphic material; O.D. 
7.49 ±0.94 7.6 40cm saw "o", O.S. saw "0", and 
9.52 ±1.01 8.7 40cm the "X" was seen by both 
10.65 ±0.9 9.75 40cm eyes. 
10.97 ±1.30 10.8 40cm 
11.85 ±1.30 11.9 40cm 
13.0 ±1.18 13.0 40cm 
11.63 ±1.11 14.0 40cm 
3BI/12BO 12 • • distance Shows clinical failure Gall et.al00 
15 ±3 • near criteria; use value or mag. of 
BO; use value or sum of BI 
and BO prism; vertical 
i 
20/30 line at 40 em. 
6BI/12BO 3 cyc/0.5 min. • • 6m Rosner1L** 
I 12BI/14BO 3 cyc/0.5 min. • • 40cm 
6BI/12BO 18 cyc/1.5 min. • • 6m Goal 
12BI/14BO 18 cyc/1.5 min. • • 40cm Goal 
4BI/8BO <3 • • 6m Very weak Griffin, 
>15 • • 6m Very strong Grisham12 
11-15 • • 6m Strong 
5-10 • • 6m Adequate 
3-4 • • 6m Weak 
<3 • • 6m Very weak 
Monitor suppression. 20/30 
targets. For 6m recommend 
vectographic slide. 
5BI/15BO 8.6 • young 40cm Subjects had no vision Jacobson 
in relation to adults problems; jump vergences et.al12** 
phoric with 2 sets of vectographic 
p_9sition. 
--- --- -- ---- ---- ---
targets. n= 41 
-
• Information not available ** Quoted, not directly cited 
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MISCELLANEOUS AUTHOR 
** 
None in strabismics; none in some amblyo ic subjects without suppression. 
--
Conclusions 
There is a noticeable increase in facility from around 6 years of age and 14 years of age. For example first graders average 
about 4 cpm and sixth graders average about 7 cpm, and adults age 18-35 (average 25). There is a large discrepancy between 
Moser and Atkinson's 16-30 year olds and Brenner, Nehring, and Wolfs 18-35 year olds. It is possible that Brenner's testing 
was at a distance greater than 40 em. 
Gall, Wick and Bedell92 concluded that symptomatic and unsymptomatic subjects did not share the same horizontal vergence 
facility responses. Furthermore, the study reported that a 3BI I 12BO prism flipper differentiated best between those with and 
without symptoms at both distance and near testing. This study yielded a recommended near vergence facility test of 3BI I 
12BO flipper with a critical failure at 15cpm. Another study by Gallet al91 concluded that, unlike the suppression cues needed 
in accommodative facility testing, a vergence facility test target only need provide a 20/30 row of Snellen letters to provide 
inherent fusional suppression-cues for a valid binocular response. A third study by Gall and Wick93 revealed that the vergence 
system can be problematic though distance phoria and ACI A ratios are normal. They concluded that PRA, NRA and NPC are 
of little clinical value in these cases and instead recommend testing vergence facility with 3BI I 12BO, binocular 
accommodative facility with push-up, and ve1tical associated phoria at distance or near. A patient who fails one of these tests 
may then be provided with a more extensive battery of testing. 
• Information not available ** Quoted, not directly cited 
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STEREOPSIS 
EXPECTED I MEAN 
(SECONDS OF ARC) AGE OTHER AUTHOR(S) 
Better than 20 >6 Very strong; contoured (global) Griffin, Grisham 12 
Better than 30 >6 Very strong; noncontoured (local) 
20-30 >6 Strong; contoured 
31-50 >6 Strong; noncontoured 
31-60 >6 Adequate; contoured 
51-100 >6 Adequate; noncontoured 
61-100 >6 Weak; contoured 
101-600 >6 Weak; noncontoured 
Worse than 100 >6 Very weak; contoured 
Worse than 600 >6 Very weak; noncontoured 
24 ±8 6 Randot graded circle test at 40cm Jiminez et alh I 
24±9 7 ! 
26 ±16 8 n = 1016 
28 ±23 9 schoolchildren in Granada Spain 
I 25 ±11 10 
24 ±10 11 
22 ±6 12 
3000-200 3 Titmus 80 - 100% PantanQ07 
400-140 4 Titmus 80- 100% 
140-80 5 Titmus 80 - 100% 
480 4 TNO 80-100% 
480-240 5 TNO 80- 100% 
40 • Is within normal limits; Titmus test Hrynchak1 
usually underestimates true stereo 
acuity in children under the age of six. 
15-30 (threshold) • Considered excellent in clinical tests . von Noorden:->** 
5 • Diastereo (crossed) BO Woo6H** 
14.5 • Diastereo (uncrossed) BI 
50 • Cut off from normal and abnormal. Rosner, Rosner:->** 
• Information not available ** Quoted, not directly cited 
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EXPECTED I MEAN 
(SECONDS OF ARC) AGE OTHER AUTHOR(S) 
67 • Cut off from normal and abnormal . Griffin)** 
Worse than 40 • Considered abnormal. Reading)** 
11.86 ±7.23 • Frisby_ (uncrossed) BI Simmermanbl-' 
5.6, 5.0 • Diastereo (crossed) BO HofstetterM** 
2-7 • 2 peg or Howard-Dolman apparatus HowardblS** 
(combined disparities) 
• • Normal: Stereopsis (Keystone DB6 Haines10 
card) 70% Fusion PR (Keystone 
DBHA to H series) 1mm dots; Fusion 
PP (Keystone DB5A to H series) lmm 
dots; n= 500. 
Conclusions 
From this collection of data it appears that findings are adult-like by around age 6 with cooperation. Anything better than 40 
arcseconds is considered excellent. 
Children: Lam et al94 tested 162 children at age 4 and a half to 5 and a half years of age, a common age for screening pre-
school-age children. They reported a random distribution, and stated that Randot stereo testing is perhaps not a real measure of 
a biological function . Tomac and Altay95 tested 115 children age 3 to 6 and a half, using the TNO test and Titmus stereo 
circles. They concluded that normal stereoacuitf, improves significantly between the ages of 4 and 5 and a half, reaching adult 
levels at 5 and a half years of age. Jiminez et a1 7 state that their results agree with the former authors regarding no statistical 
significance between ages. They postulate that the slight discrepancies between works could be accounted for by the 
differences in the tests themselves, which can be tests of shape (Titmus), overall stereotests (Random dot with monocular cues, 
and TNO without them) or a combination of both (Randot.) 
• Information not available ** Quoted, not directly cited 
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FIXATION DISPARITY 
ASSOCIATED FIXATION 
PHORIA DISPARITY SLOPE 
(pmm diopm) (min. of arc.) (arc min/L1) 
DISTANCE MEAN±S.D. MEAN±S.D. MEAN ±S.D. AGE n OTHER AUTHOR(S) 
40cm 2.47 exo 3.31 exo±3.74 -1.02 20-30 30 Wesson card. Dittemore, Crum. 
0.18 exo 1.13 exo ±4.09 -0.66 20-30 30 Sheedy disparometer. Kirschen73 
Subjects: normal binocular 
vision; stereo acuity >60 arc 
sec (Randot); near phoria 
(von Graefe) between 1 eso 
and 8 exo; vergence ranges > 
Sheard's; full room ilium. 
40cm 0.85 exo ±1.8 0 ±2.3 -0.77 ±0.4 • 89 Sheedy disparometer: Wesson, Koenigo<~ 
0.90 exo 1.52 exo -0.78 • 89 Wesson card 
40cm 0.9 exo ±3.6 4.5 exo ±4.4 -1.0 ±0.3 • • Sheedy disparometer Wildsoet, Cameron ;u 
40cm 3.4 eso 1.71 eso -0.44 • • Sheedy disparometer Van Haeringen 
3.08 exo 1.54 exo -0.93 • • Wesson card et a1 69** 
40cm 1.30 exo ±2.71 3.82 exo ±6.67 • • • Wesson card Daum et al 11 
40cm 3.3 exo ±9.5 3.5 exo ±5.9 -0.7 ±0.7 YOllilg 96 Sheedy disparometer; Saladin, Sheedy:,1 
Adults non-clinical population. 
40cm 0.4 eso ±10.2 1.4 exo ±5.9 -0.5 ±0.5 • 89 Sheedy disparometer: Brownlee, Goss11 ** 
2.3 exo 1.8 exo -1.13 • Wesson card 
0±7.3 1.4 eso ±3.8 -0.6 ±0.8 • 14 Sheedy disparometer: 
40cm 1.25 exo ±1.81 • • Mallet: trained subjects Pickwell et al 11 
0.04 exo ±1.01 • • Mallet: naive subjects 
1.35 exo ±5.76 • • • • Disparometer: trained subjects 
4.75 exo ±4.56 • • • • Disparometer: naive subjects 
3m 1.7 eso ±9.5 0.4 exo ±3.8 -0.8 ±0.8 YOllilg 96 Sheedy disparometer; non- Saladin, Sheedl4 
Adults clinical :QOpulation. 
--- -
• Information not available ** Quoted, not directly cited 
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MISCELLANEOUS AUTHOR(S) 
Recommends using Mallett Fixation Disparity Unit. Hrynchak1 
Under 40 years of age, with the Mallett unit, small readings are common on associated phoria, although Pickwell, Kaye, 
those with values of 1L1 are more likely to have symptoms than not. This study found that 30% of Jenkins74 
symptomatic patients have values of 2L1 or greater. 
p fO!!Ie C T 
I II III IV n OTHER AUTHOR(S) 
80.6% 17.9% 2.5% 0 6m Wick') 
43.5% 29.3% 11.3% 16.1% 40cm 
Woolf card 
Presbyopes: avg. 
age= 62.7 ±7.0 
83.9% 12.9% 0 3.2% 62 6m Wick'0 
51.6% 37.1% 8.1% 3.2% 62 40cm 
Prepresbyopes: avg. 
age= 24.7 ±5.2 
68.3% 26.7% 0 5.0% 96 3m Sheedy, Saladin)4 
58.2% 27.6% 8.2% 7.2% 96 40cm 
non-clinical, young 
adult population 
57.5% 30.0% 9.0% 3.4% 512 3m Ogle et al" 
57.2% 22.1% 13.4% 4.9% 512 40cm 
70.0% 30.0% 0 0 10 Wesson card Wesson, Koenig0 'J 
50.0% 50.0% 0 0 10 Sheedy di~parometer 
79.0% 21.0% 0 0 14 Wesson card Brownlee, Goss 11 
57.0% 43.0% 0 0 14 Sheedy disparometer 
39.0% 18.0% 18.0% 25.0% 28 Wesson card Van Haeringen 
29.0% 61.0% 3.0% 7.0% 28 Sheedy disparometer et aC1** 
53.0% 20.0% 13.0% 13.0% 30 Wesson card Dittemore, Crum, I 
40.0% 30.0% 0 27.0% 30 Sheedy disparometer Kirschen73 
60.0% 25.0% 10.0% 5.0% Goss4 
----- - -
• Information not available ** Quoted, not directly cited 
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Conclusions 
After comparing these studies, it is obvious how various testing methods influence the fixation disparity result. It appears that 
subjects demonstrate less exo fixation disparity with the Sheedy disparometer than with the Wesson card. The Wesson card 
has slightly reduced contrast target compared to the Sheedy disparometer and therefore potentially provides less of an 
accommodative cue and control. This may be the reason why subjects show greater exo fixation disparity with the Wesson 
card. The Sheedy disparometer measures in increments of 2 minutes of arc. The Wesson card is relatively inexpensive but 
less precise than the disparometer (about 4.3 arcminute increments at 40 em). Another general consideration when comparing 
fixation disparity testing devices is that since Panum's fusional area is smaller with more central targets and larger with more 
peripheral targets, a smaller fixation disparity is likely with a clearer, more precise and more central target. 
• Information not available ** Quoted, not directly cited 
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Section Four 
Appendix 
Letter of information request 
April 19, 2005 
To: 
Dear Dr. 
Michael D. Stevenson 
Dr. Scott C. Cooper 
College of Optometry 
Pacific University 
You are requested to share your favorite normative data for a thesis project. Upon completion, 
this thesis project will fulfill part of the requirements necessary for the degree of Doctor of 
Optometry at Pacific University College of Optometry. The purpose of this project is to update 
the reference source entitled "Normative and Expected Values of Visual Function and 
Performance Tests" created in 1995 by students Gabrielle Marshall and Darin Closson. It is 
intended that this updated reference will be incorporated into a database accessible to OD's 
through a searchable database or publication. 
I am hoping to collect your references of normative data for any accommodation, vergence or 
eye movement test. Included are a list of tests as a guideline but please do not feel limited by 
this list. Feel free to include any tests that you typically use in class, practice or clinics and 
would be useful in the study. For each test please specify: testing distance, illumination, target 
size, specific instruction sets, control lenses, preset lenses, binocular/monocular, time limitations, 
even things such as whether the patient held the card. Also specify the parameters of the study 
that determined the data: subject pool description, size, age etc. Realizing that all of these may 
not be applicable to each test, please send what detail you can. 
Attached is a document with this request and a list of tests for which we particularly want to 
identify normative information. Alternately, please tell me the reference source for your 
normative data if it is accessible through publication. 
If this letter is more appropriately directed to someone else, please forward this letter. I would 
like to receive this information by May 1, 2005. Please feel free to contact myself or Dr. Scott 
Cooper if you have any questions. If this project does not result in publication, a copy will be 
sent to you in exchange for your help. Thank you very much for your time and ac;;sistance. 
Sincerely, 
Michael Stevenson 
P.U.C.O. Class of 2006 
503-357-3186 stevenson @pacificu.edu 
Scott C. Cooper, O.D., M.Ed. 
Thesis Advisor 
503-352-2771 coopers@pacificu.edu 
Attachment: List of Tests 
LIST OF TESTS: 
ACCOMMODATIVE: 
Dander's amplitude (OD, OS, OU) 
Amplitude at 33cm through minus lenses with .62M paragraph 
PRA at near (OD, OS, OU, break/recovery) 
NRA at near (OD, OS, OU, break/recovery) 
+1- 2.00 facility in cpm 
PHORIAS: 
Habitual at far and near 
Induced at far and near through distance refraction 
Vertical ductions at far and near through distance refraction 
Through NRA and PRA recovery 
VERGENCES: 
NPC (break/recovery) 
Base out to blur/break/recovery at distance and near through distance refraction 
Base in to blur/break/recovery at distance and near through distance refraction 
RETINOSCOPY: 
MEM 
Book 
Distance dynamic 
Bell 
Nott 
ETC: 
Saccadic eye movements (if quantified, how performed) 
Stereopsis and speed (how performed) 
8 prism diopter BJJBO vergence facility in cpm 
Cross cylinder (binocular and monocular) 
Fixation disparity 
Distance-Near accommodative-vergence facility (using 20/80 and 20/25 letters) 
1. Information of each test repeated here 
2. Information about study parameters (e.g. subject pool, n, gender, age, etc.) 
Michael Stevenson 
P.U.C.O. Class of 2006 
503-357-3186 stevenson@pacificu.edu 
Scott C. Cooper, O.D., M.Ed. 
Thesis Advisor 
503-352-2771 coopers @pacificu.edu 
